Objective: To explore the extent to which associations between sleep problems and functional impairment are attributable to comorbid mental and physical health problems. Sleep problems are being increasingly recognized as a source of morbidity and role impairment. Little is known, however, about the extent to which associations between sleep problems and functional impairment are attributable to comorbid mental and physical health problems. Methods: We utilized data from the German Health Survey (n ϭ 4181; response rate: 87.6%; ages 18 -65 years) to examine the relationships between sleep problems (assessed by the Pittsburgh Sleep Quality Inventory (PSQI)), mental and physical health comorbidity, and disability and health-related quality of life (assessed by the Medical Outcomes Scale Short Form-36 (SF-36)). Results: A total of 1595 (35.2%) respondents reported current sleep problems (PSQI score of Ͼ5). After adjusting for sociodemographic factors, we found the presence of sleep problems was associated with having one or more physical health problems (adjusted odds ratio (AOR) ϭ 1.21, 95% Confidence Interval (CI) ϭ 1.01-1.45) and one or more mental disorders (AOR ϭ 3.58, 95% CI ϭ 2.95-4.35). Among persons with one or more physical health problems, the co-occurrence of a sleep problem was associated with poorer physical component scores on the SF-36 (45.7 versus 48.6, p Ͻ.001) and increased odds of Ն1 disability days in the past 30 days due to physical problems (AOR ϭ 1.55, 95% CI ϭ 1.20 -1.98), even after adjusting for sociodemographic factors and comorbidity with other mental and physical health conditions. Conclusions: More than one third of adults in the community report sleep problems. These often co-occur with other physical and mental health problems, and when they do they are generally associated with an increased burden of role disability and functional impairment.
INTRODUCTION
T he impact of comorbidity of mental and physical conditions on role functioning and disability is being increasingly appreciated. Mental disorders account for up to a third of disability days at the population level (1) , and their co-occurrence with chronic physical disorders is believed to account for a substantial proportion of the role impairment attributed to the latter (2) . A systematic review of the literature concluded that patients with chronic physical illness and comorbid depression or anxiety had a significantly higher physical symptom burden than patients with chronic physical illness alone (3) . The mutually negative impact of comorbidity of depression with physical illness on disability and health-related quality of life has been extensively documented (4 -7) , and recent research has shown similar relationships for anxiety disorders and physical illness (8) .
Insomnia frequently co-occurs with mental and/or physical disorders (9 -15) . Data from the National Comorbidity Survey Replication (NCS-R) showed that sleep problems were frequently comorbid with mental disorders in the US adult household population and, moreover, that sleep problems were strongly associated with role impairment (even after adjusting for the effects of comorbid mental disorders) (16) . Insomnia is also well established to contribute to increased functional impairment and reduced health-related quality of life among persons with chronic physical illness (17, 18) .
This fairly extensive body of literature confirms broad associations between insomnia, mental and physical disorders, and functional impairment at the population and primary care levels of observation. It has been noted, however, that most studies to date have focused on the impact of some factors (e.g., insomnia and mental disorders) but not others (e.g., physical disorders) on functioning, leading to difficulty in interpreting their relative public health significance (16) . In fact, a recent NCS-R report that considered the impact on role disability of mental and chronic physical disorders concluded that prior studies, which generally did not control for comorbidity, overestimated disease-specific effects (1) .
To the best of our knowledge, only one previous study has investigated the joint effects of insomnia, mental disorder, and chronic physical illness on functioning. Investigators found that among primary care patients, insomnia (defined as taking at least 2 hours to fall asleep) was associated with increased functional impairment even after adjusting for presence of depressive disorder and chronic physical illness (17) . In that study, depression-but not anxiety disorders, which are also commonly associated with insomnia-was considered, leaving open the possibility that the role impairment attributable to insomnia might have been overestimated.
The present study is an attempt to extend the observations of these prior studies with the principal aim of documenting the association of sleep problems with quality of life and disability in a representative, population-based sample, taking into account the presence of comorbid mental and chronic physical conditions. Possible advantages over prior studies include the use of a standardized, psychometrically proven, widely used sleep quality scale-the Pittsburgh Sleep Quality Index (PSQI) (19) , the direct assessment of physical conditions by a physician, and the simultaneous assessment of a broad range of mood, anxiety, and alcohol use disorders.
METHODS Overview
We utilized the German Health Survey (GHS) to examine the relationship between impaired sleep, mental and physical illness, and functional impairment. The GHS is unique in its assignment of Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) mental disorder diagnoses, using the highly reliable Composite International Diagnostic Interview and its use of physician-based diagnoses of physical health conditions by interview, physical examination, and laboratory assessment (20, 21) . In addition, the GHS included a comprehensive assessment of functional status: a) Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36) (22) , which is a highly reliable, widely used measure of health-related quality of life; and b) past 30-day role impairment due to physical and emotional problems.
Sample
Details of the survey are available elsewhere (8, 20, 21, 23) and will only be summarized briefly here. The GHS was based on a stratified, multistage, cross-sectional, nationally representative sample from the noninstitutionalized population of Germany. Data were collected between 1997 and 1999. The study was approved by the relevant Institutional Review Board and Ethics Committee. All participants provided their written informed consent to participate. Data in the present report are based on the mental health supplement which was conducted in persons aged 18 to 65 years (n ϭ 4181; 87.6% response rate) (21) . The responders and nonresponders did not differ significantly on age, sex, and self-reported health status.
Measures

Assessment of Physical Conditions
The current analysis utilized physical conditions that were diagnosed on the basis of a standardized computer-assisted medical interview by a general practice physician, including the review of laboratory results. We created a summary variable of any past-month physical health condition based on all conditions assessed in the survey. We also used the reliable, empirically validated Charlson Comorbidity Index (CCI) to index the burden of chronic physical illness (24) . All the chronic conditions assessed in the survey were given a CCI weight (from 1 to 6, reflecting the cumulative increased likelihood of 1-year mortality; the higher the score, the more severe the burden of comorbidity); a total score was computed by adding together all assigned weights for each chronic condition (25) .
Assessment of Mental Disorders
The Munich Composite International Diagnostic Interview, administered by clinically trained interviewers (psychologists and physicians), was utilized to make lifetime, past-year and past-month DSM-IV diagnoses (26, 27) . Because all quality-of-life and disability variables were past-month, we utilized only past-month mental disorder diagnoses. For the current analysis, we identified a DSM-IV mental disorder based on the diagnosis of an anxiety disorder (i.e., panic disorder, agoraphobia, social phobia, simple phobia, generalized anxiety disorder, or obsessive compulsive disorder; posttraumatic stress disorder (PTSD) was not assessed in this survey), a mood disorder (major depression, dysthymia, bipolar disorders), and/or a substance use disorder (alcohol and illicit substance abuse or dependence).
Assessment of Sleep Quality
A German version of the PSQI (19) was utilized. The PSQI is a wellvalidated, widely used self-report measure of sleep quality and sleep disturbance. The PSQI assesses seven sleep domains: sleep quality, latency, duration, efficiency, sleep disturbances, use of sleeping medications, and daytime dysfunction. For each of these domains, a score of 0 to 3 is derived, where 0 indicates no sleep problems and 1 to 3 indicate increasing severity of sleep problems; this yields global scores that can range from 0 to 21. For some analyses, as recommended by the scale developers (19), we used scores of Ͼ5 to categorize an individual as a "poor sleeper" versus scores of Յ5 to denote a "good sleeper."
Assessment of Health-Related Quality of Life
A German version of the well-validated SF-36 was utilized (22) . Eight health concepts were assessed within the past 30 days: physical functioning, social functioning, role limitations due to physical problems, bodily pain, mental health, role limitations due to emotional problems, vitality, and general health. The reliability of the SF-36 is high with ␣ coefficients ranging from 0.68 to 0.96. In this report, we refer to two principal summary dimensions of the SF-36: the Physical Component Score (PCS) and the Mental Component Score (MCS).
Assessment of Disability
Respondents were asked how many days in the prior 30 they were totally unable to do the things they normally did. Questions were asked separately for number of days of disability due to physical problems, and due to emotional problems or use of alcohol or drugs. Responses ranged from 0 to 30 days. Due to the skewed nature of the responses, with most people in the community reporting zero days of disability, a dichotomous variable was created: 0 days versus Ն1 days of disability.
Sociodemographic Factors
Gender, age, education, and marital status were entered as covariates in the analyses. Age was treated as a continuous measure in the analysis. Education was dichotomized into either completed high school or any higher education based on the format of the German educational system. Marital status was categorized as: a) never married; b) married/common-law; c) divorced, separated, or widowed.
Analytic Strategy
In all analyses, the appropriate statistical weight was employed to ensure the data were representative of the population. Standard errors were calculated using the Taylor Series Linearization method in the SUDAAN program (28) based on stratification information provided specifically for calculating design-based standard errors.
We used multiple linear and logistic regression to determine associations between sleep quality, physical and mental disease burden, and health-related quality of life and disability. Covariates in the analyses included sociodemographic factors and, where described, comorbid physical and/or mental disorder status. These regressions were conducted separately for disability days due to emotional problems and disability days due to physical health problems. We set the ␣ level at p Ͻ .01 to better account for the number of analyses conducted. Table 1 shows mean scores for the entire sample on PSQI subscales and global scores. Figure 1 shows the distribution of the PSQI global scores. In the whole sample, the mean (adjusted) Ϯ standard deviation (SD) PSQI global score was 5.01 Ϯ 3.04. Table 2 summarizes the demographic characteristics of the sample and shows the proportion of subjects in each demographic stratum identified as a poor sleeper (i.e., PSQI global score of Ͼ5). Overall, approximately one third (35.2%) of respondents were poor sleepers. More women
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(40.1%) than men (30.3%) were poor sleepers. The proportion of poor sleepers increased with increasing age (ranging from 29.3% in adults 18 -25 years old to 42.6% in adults 56 -65 years old). Table 3 shows the relationship between particular categories of physical conditions and the likelihood of having a sleep problem (i.e., being a poor sleeper, PSQI global score of Ͼ5). Certain categories of physical conditions (e.g., gastrointestinal problems, migraines, allergies, arthritis, and metabolic disorders) were associated with a significantly increased likelihood of having a sleep problem (adjusting for age, sex, and education); none of the physical conditions was associated with a significantly reduced likelihood of having a sleep problem. In models simultaneously adjusting for age, sex, education, and overall chronic disease burden (using CCI scores), the association between these physical conditions and sleep problems was somewhat attenuated, remaining statistically significant for gastrointestinal problems and migraines. In either model, presence of any (i.e., one or more) chronic physical condition was associated with a significantly increased (21% to 41%) likelihood of having a sleep problem.
Analogously, Table 4 demonstrates the relationship between particular categories of mental disorder and the likelihood of having a sleep problem. Sleep problems were most strongly associated with mood disorders, followed by anxiety disorders, and then by substance use disorders; these associations were not materially attenuated by adjustment for CCI scores. Overall, presence of any (i.e., one or more) mental disorder was associated with a significantly increased (245% to 258%) likelihood of having a sleep problem.
Whereas the above analyses (Tables 3 and 4 ) document an association between chronic physical illness and sleep disturbance, analyses shown in Tables 5 and 6 illustrate the unique and joint effects of physical and sleep conditions on healthrelated quality of life indices (SF-36 PCS and MCS scores, respectively; lower scores indicate lower functioning). In comparison to the presence of a physical condition alone, we found that the combination of a physical condition and a sleep problem (i.e., being categorized as a poor sleeper, PSQI global score of Ͼ5) was invariably associated with lower PCS (Table 5) and MCS (Table 6 ) scores, although not all differences were statistically significant. These findings were further attenuated-but generally not eradicated-by the incorporation of global chronic physical illness (CCI) scores and presence of past-month mental disorders as covariates (second model), indicating an independent contribution of sleep disturbance to reduced health-related quality of life.
An analogous set of linear regression analyses confirmed the above findings: When simultaneously adjusted for age, education, and CCI scores, every unit increase in PSQI global scores was associated with reduced PCS (standardized ␤ ϭ 
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Ϫ0.137, t ϭ Ϫ9.675, p ϭ .0005) and MCS scores (standardized ␤ ϭ Ϫ0.324, t ϭ Ϫ21.404, p ϭ .0005). Table 7 shows the proportion of respondents with Ն1 days of past-month disability due to physical health problems for each of the physical conditions with and without sleep problems. In comparison to respondents without sleep problems, the presence of a sleep problem was associated with an increased odds of Ն1 days of disability across several (although by no means all) physical conditions. In multiple logistic regression models adjusting for sociodemographic factors, other mental disorders, and CCI scores, the presence of a sleep problem was associated with approximately two to three times the odds of disability for hypertension, cardiac diseases, and respiratory disorders. Overall, among persons with any (i.e., one or more) physical health problems, the presence of a concomitant sleep problem was associated with an approximately 50% increase in the adjusted (i.e., for demographic factors, and past-month chronic physical and mental disease burden) odds of having Ն1 disability days in the past month.
DISCUSSION
This is the first study, to the best of our knowledge, to systematically evaluate the association between sleep problems and functional impairment, adjusting for the impact of comorbid mental and physical conditions, in a large epidemiologic sample that included standardized physician-based diagnoses.
There are two principal findings from the current study. First, our results demonstrated that the presence of a sleep problem was associated with a broad range of physiciandiagnosed physical conditions, even after adjusting for sociodemographic factors and common Axis I mental disorders. Second, the comorbidity of sleep problems with physical conditions was associated with increased likelihood of poor quality of life and disability compared with a physical condition alone. The latter findings remained significant in stringent models where we adjusted for sociodemographic factors, common Axis I mental disorders, and overall comorbidity of PSQI ϭ Pittsburgh Sleep Quality Index; AOR-1 ϭ adjusted odds ratio, adjusting for age, sex, and education; AOR-2 ϭ adjusted odds ratio, adjusting for age, sex, education, and Charlson Comorbidity Index scores; CI ϭ Confidence Interval. Unweighted n ϭ weighted percentages (e.g., 32.5% of those without a mental disorder have a sleep problem; i.e., global PSQI score of Ͼ5). * p Ͻ .05; ** p Ͻ .01; *** p Ͻ .001.
M. B. STEIN et al.
physical illness. The magnitude of these effects is likely to be clinically meaningful for many individuals: for example, a 1-SD increase in global PSQI scores would be associated with anywhere from one half to one full SD reduction on the PCS, which is substantial. These findings confirm previous work in clinical and community samples that note an association between sleep problems and functional impairment (16 -18) , but also extend these findings by outlining the unique contribution of sleep problems-not attributable to comorbid mental and/or chronic physical health conditions-to the observed disability. In this study, approximately one in three respondents had a sleep problem. When this relatively high prevalence is considered in conjunction with the observed detrimental influence of sleep problems on health-related quality of life (including role functioning) and disability (including work loss days), these findings underscore the public health imperative to better identify and address sleep problems with the aim of reducing their individual and societal impact. The present study has some notable strengths and weaknesses. In contrast to some prior studies, this study was not limited by sampling biases found in treatment-seeking samples. Additional strengths of the study were the use of well-established reliable measures of quality of life, disability, and sleep problems, use of past-month variables that had a low probability of recall errors, and use of clinical interviewers and physicians in the assessment of mental and physical disorders, respectively. 
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This study does not address the mechanism(s) by which insomnia would contribute to functional impairment. Although it seems obvious to consider that chronic sleep deprivation would affect persons with physical illness in the same ways it does healthier individuals (e.g., by reducing energy, and impairing attention and concentration and other cognitive abilities), it is also possible that insomnia may have effects on more disease-specific processes that were not captured here. This is an area for further research. In terms of other limitations, the current study was limited to adults aged 18 to 65 years, and the findings may therefore not be generalizable to the elderly and the very young. The cross-sectional nature of the survey does not allow for examination of temporal sequencing of the onset of mental and physical health problems and insomnia. Because PTSD-an anxiety disorder frequently associated with sleep problems (29)-was not assessed in this study, it is possible that undetected PTSD, rather than sleep problems, per se, could better account for the observed impairment. Although the CCI has been commonly used to adjust for the effects of physical disease morbidity, it is not a complete control for this factor, leaving open the possibility that the additional burden of disability attributed to insomnia might be better accounted for unmeasured physical disease severity (i.e., an example of occult confounding). Finally, although the respondents to the survey did not differ significantly from nonrespondents on several variables, response to survey may nonetheless be a potential source of selection bias.
In conclusion, with the above-noted caveats, the current study demonstrates that sleep problems in the community carry with them a unique burden of functional impairment and disability-even after accounting for the effects of comorbid mental and physical health conditions. These data add to the increasingly difficult-to-ignore argument that sleep problems should be considered an important public health problem in the community (30, 31) . They also raise the question of whether better identification and treatment of insomniaespecially among persons with comorbid mental and/or physical illness-can reduce the burden of disability carried by these individuals. This is a question for further research. 
